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WAFER ETCHING TECHNIQUES 
BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates generally to semiconductor wafers, 
and more particularly to methods for the gas plasma etching of backside through 
vias on semiconductor wafers, especially thinned semiconductor wafers. 

2. Discussion of the Related Art 

[0002] Semiconductors are generally defined as materials having an 
electrical conductivity intermediate between metals and insulators and are used in 
a wide variety of modem electronic devices. The process of manufacturing 
semiconductors, or integrated circuits (commonly called ICs, or chips), typically 
consists of more than a hundred steps, during which hundreds of copies of an 
integrated circuit are fomned on a single wafer. 

[0003] Generally, the process involves the creation of eight to 20 
patterned layers on and into the substrate, ultimately forming the complete 
integrated circuit. This layering process creates electrically active regions in and 
on the semiconductor wafer surface. 

[0004] The first step in semiconductor manufacturing begins with 
production of a wafer, i.e., a thin, round slice of a semiconductor material, usually 
silicon. Other suitable semiconductor materials include gallium arsenide (GaAs) 
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and indium pliosphide (InP). 

[0005] A silicon wafer, for example, purified polycrystalline silicon, is 
created from sand, is heated to a molten liquid. A small piece of solid silicon (seed) 
is placed on the molten liquid, and as the seed is slowly pulled from the melt the 
liquid cools to fomn a single crystal ingot. The surface tension between the seed 
and molten silicon causes a small amount of the liquid to rise with the seed and 
cool. 

[0006] The crystal ingot is then ground to a uniform diameter and a 
diamond saw blade cuts the ingot into thin wafers. The wafer is processed 
through a series of machines, where it is ground smooth and chemically polished 
to a mirror-like luster. The wafers are then ready to be sent to the wafer fabrication 
area where they are used as the starting material for manufacturing integrated 
circuits. 

[0007] The heart of semiconductor manufacturing is the wafer 
fabrication facility where the integrated circuit is fomied in and on the wafer. The 
fabrication process, which takes place in a clean room, involves a series of 
principal steps described below. Typically, It takes from 10 to 30 days to (X)mplete 
the fabrication process. 

[0008] Wafers are pre-cleaned using high purity, low particle chemicals 
(important for high-yield products). The silicon wafers are heated and exposed to 
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ultra-pure oxygen in the diffusion furnaces under carefully controlled conditions 
forming a silicon dioxide film of uniform thickness on the surface of the wafer. 

[0009] Masking is used to protect one area of the wafer while working on 
another. This process is referred to as photolithography or photo-masking. A 
photoresist or light-sensitive film is applied to the wafer, giving it characteristics 
similar to a piece of photographic paper. A photo-aligner aligns the wafer to a 
mask and then projects an intense light through the mask and through a series of 
reducing lenses, exposing the photoresist with the mask pattern. Precise 
alignment of the wafer to the mask prior to exposure is critical; thus, most 
alignment tools are fully automatic. 

[0010] The wafer is then "developed" (the exposed photoresist is 
removed) and baked to harden the remaining photoresist pattern. It is then 
exposed to a chemical solution (i.e., wet etching) or a plasma gas discharge (i.e., 
dry etching) so that areas not covered by the hardened photoresist are etched 
away. Wet etching is the process of removing exposed silicon dioxide in the 
pattem created by photoresist exposure and development with a liquid, typically an 
organic acid. In dry etching, reactive gas plasma is used in place of a wet etching 
solution. Dry etching provides a higher resolution than wet etching and therefore is 
more likely to be used as circuit elements become smaller. Dry etching generally 
produces less "undercutting" of the wafer substrate under photoresist, often 
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provides more control over etching rate, and may be necessary wliere the etched 
layer is resistant to liquid etchants. Gaseous etching is generally perfonned with 
halogenated compounds which, depending on the wafer substrate, may be 
bromine, chlorine, fluorine or iodine-based gases in a carrier gas. The photoresist 
is removed using additional chemicals or plasma and the wafer is Inspected to 
ensure the image transfer from the mask to the top layer is correct. 

[0011] Atoms with one less electron than silicon (such as boron), or one 
more electron than silicon (such as phosphorous), are introduced into the area 
exposed by the etch process to alter the electrical character of the silicon. These 
areas are called P-type (boron) or N-type (phosphorous) to reflect their conducting 
characteristics. 

[0012] The thermal oxidation, masking etching and doping steps are 
repeated several times until the last "front end' layer is completed (l.e., all active 
devices have been fomried). 

[0013] Following completion of the "front end," the individual devices are 
interconnected using a series of metal depositions and patterning steps of 
dielectric films (insulators). Current semiconductor fabrication Includes as many as 
three metal layers separated by dielectric layers. 

[0014] Wafer thinning, more commonly known as backlapping, is 
generally carried out at the end of the device fabrication process In order to reduce 
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the fabricated wafer's thermal conductivity and to speed up signal transmission 
across the device. Additionally, the wafer is thinned to facilitate correct operation 
of microwave or millimeter wave circuits, where the wafer is normally thinned from . 
the backside surface. A uniform (i.e., isotropic) etching process is generally 
needed to effectively thin the wafers to the desired final thickness. 

[0015] In most cases, this involves reducing the wafer thickness from an 
initial 400-500 pm range down to a final range typically from 250 fjrn or less. In 
fact, cun-ent manufacturers of increasingly sophisticated and miniaturized 
electronic devices are demanding even thinner wafers, and therefore, 125 jwm or 
less is now a fairly common final wafer thickness requirement. 

[0016] After the last metal layer is patterned, a final dielectric layer 
(passivation) is deposited to protect the circuit from damage and contamination. 
Openings (e.g., vias) are etched in this film to allow access to the top layer of metal 
by electrical probes and wire bonds. Additionally, it is often necessary to provide 
a ground plane and ground through vias on the backside surface of the 
semiconductor wafer. The backside ground plane and through vias are 
constnjcted to facilitate the correct operation of microwave circuits and millimeter 
wave circuits. 

[0017] A problem arises when it is desired to create extremely small vias 
on the backside surfaces of these thinned semiconductor wafers in order to. 
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establish electrical connectivity between the backside surface and the front side 
surface of the thinned semiconductor wafer. Conventional wet chemical etchants 
do not provide sufficient anisotropy to etch small backside through vias to small 
ground pads on the front side surface of the thinned semiconductor wafer. 

[0018] Therefore, there is a need to develop systems for anisotropically 
etching backside through vias on semiconductor wafers, especially thinned 
semiconductor wafers. 

SUMMARY OF THE INVENTION 

[0019] The present invention provides methods for the simultaneous 
thinning of the backside surfaces of a plurality of semiconductor wafers using a 
non-crystallographic and unifonfn etching process. 

[0020] In accordance with the general teachings of the present 
invention, methods for etching a through via on a wafer of semiconductor material, 
wherein the wafer has a front side surface and a backside surface, are provided. 
The methods comprise applying a layer of photoresist material to the backside 
surface of the wafer. The layer of photoresist is then exposed to a light source 
though a mask having a pre-detemnined pattern, and is then developed, wherein 
the developed photoresist is removed to form at least one via in the remaining 
photoresist layer. The remaining photoresist layer is then baked in order to harden 
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the remaining photoresist layer. The semiconductor material adjacent to the at 
least one via is then gas plasma etched to form a through via between the 
backside surface and the front side surface of the wafer. 

[0021] Additional objects, advantages, and features of the present 
Invention will become apparent from the following description and appended 
claims, taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0022] Figure 1 is a flow diagram of the primary steps of an illustrative 

method for etching a through via on a wafer of semiconductor material, in 

accordance with one embodiment of the present invention; 

[0023] Figure 2 is a sectional view of a wafer of semiconductor material 

with a layer of photoresist applied to the backside thereof, in accordance with one 

embodiment of the present invention; 

[0024] Figure 3 is a sectional view of a wafer of semiconductor material 

with a pattemed layer of remaining pfiotoresist thereon and vias formed in the 

layer of remaining photoresist, in accordance with one embodiment of the present 

invention; 

[0025] Figure 4 is a sectional view of a wafer of semiconductor material 
with a layer of hardened, remaining photoresist thereon, in accordance with one 
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embodiment of the present invention; 

[0026] Figure 5 is a sectional view of a wafer of semiconductor material 
witli the semiconductor material adjacent to vias being removed by gas plasma 
etching so as to form through vias between the front side surface and the backside 
surface of the semiconductor wafer, in accordance with one embodiment of the 
present invention; 

[0027] Figure 6 is a sectional view of a wafer of semiconductor material 
with the hardened, remaining photoresist layer being removed to expose the 
backside surface of the semiconductor wafer, in accordance with one embodiment 
of the present invention; 

[0028] Figure 7 is a sectional view of a wafer of semiconductor material 
with a layer of conductive material applied to the surface of the through vias, as 
well as the backside surfiace of the semiconductor wafer, in accordance with one 
embodiment of the present invention; and 

[0029] Figure 8 is a sectional photomicrograph of a through via fomied 
in a wafer of semiconductor material wherein the surface of the through via and 
the backside surface of the semiconductor wafer have had a conductive material 
applied thereto, in accordance with one embodiment of the present invention. 

[0030] The same reference numerals refer to the same parts throughout 
the various Figures. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0031] The following discussion of the preferred embodiments directed 
to systems for etching a through via on a wafer of semiconductor material are 
merely exemplary In nature, and are In no way intended to limit the Invention or Its 
applications or uses. Additionally, although the present invention is particularly 
suitable for thinned semiconductor wafers (I.e., having a final thickness in the 
range of about 25 jjm to about 250 //m), it is equally applicable to conventional 
semiconductor wafers. Furthermore, although the present invention is particularly 
suitable for semiconductor wafers comprised of InP materials, it is equally 
applicable to semiconductor wafers comprised of other semiconductor materials. 

[0032] With reference to FIG. 1, there is shown a flow diagram of the 
primary steps of an illustrative method 10 for etching a through via on a wafer of 
semiconductor material, in accordance with one embodiment of the present 
invention. 

[0033] The first step 12 is to apply a layer of photoresist material to the 
backside surface of the semiconductor wafer. This step protects the 
semiconductor material from subsequent processing steps to be described below. 

[0034] The second step 14 is to expose the photoresist to a light source 
using a mask to create a photomask, as well as the via pattern in the photoresist 
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layer, develop the exposed photoresist, and then remove the developed 
photoresist. This provides a guide as to where the through vias are to be created. 

[0035] The third step 16 is to bake the remaining photoresist layer in 
order to harden the remaining , photoresist layer. This enhances the 
photomask:semiconductor material selectivity. 

[0036] The fourth step 18 is to gas plasma etch the semiconductor 
material adjacent to the via in order to create a through via between the front side 
surface and the backside surface of the semiconductor wafer. 

[0037] The fifth step 20 is to strip the hardened, remaining photoresist 
layer from the backside surface of the semiconductor wafer, as it has sen/ed its 
useful purpose and is no longer needed. 

[0038] The sixth step 22 is to apply a layer of conductive material (e.g., 
one or more metals such as titanium, gold, etc.) to the surface of the through via 
(as well as the backside surface of the semiconductor wafer, if desired) to 
establish electncal connectivity between the front side surface and the backside 
surface of the semiconductor wafer. 

[0039] With reference to FIG. 2, there is shown a sectional view of a 
wafer 100 of semiconductor material 102 with a layer of photoresist 104 applied 
(by any conventional method) to the backside surface 106 thereof, in accordance 
with one embodiment of the present invention. A metallic layer 108 is on the front 



10 



NGC Docket No. 12-1167 
HDP Docket No. 4675-000375 



side surface 1 10 of the wafer 100. It should be noted that the metallic layer 108 
does not have to extend across the entire front side surface 110 of the wafer 100. 
Optional devices, such as front pads (not shown) may be mounted to the front side 
surface 110. 

[0040] With reference to FIG. 3, there is shown a sectional view of a 
wafer 100 of semiconductor material 102 with the layer of remaining photoresist 
104' thereon and at least one via formed in the layer of remaining photoresist 
104', in accordance with one embodiment of the present invention. In this 
example, there are two vias 112 and 114 formed !n the layer of remaining 
photoresist 104'. Additionally, the semiconductor material 102 adjacent to the vias 
112, 114 is exposed (i.e., the layer of photoresist 104 has been removed as a 
result of the developing process). 

[0041] With reference to FIG. 4, there is shown a sectional view of a 
wafer 100 of semiconductor material 102 with a layer of hardened, remaining 
photoresist 104" thereon, in accordance with one embodiment of the present 
Invention. The hardening of the layer of remaining photoresist 104' is done to 
enhance the photomask:semiconductor material (e.g., InP) selectivity before the 
etching process described below. 

[0042] The baking of the layer of remaining photoresist 104' can be 
done in any number of conventional ways {e.Q., oven baking, etc.). However, it 
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has been observed that superior results are achieved with a two-step baking 
process in order to avoid thermal shock of the photoresist material. The first step 
includes heating the layer of remaining photoresist 104' at a temperature of about 
130oC. to about 135oC. for about one hour. The second step includes heating the 
layer of remaining photoresist 104' at a ternperature of about ISOoC. to about 
190oC. for about one hour. This process produces the layer of hardened, 
remaining photoresist 104" and greatly enhances the photomask:semiconductor 
material (e.g., InP) selectivity. 

[0043] With reference to FIG. 5, there is shown a sectional view of a 
wafer 100 of semiconductor material 102 with the semiconductor material adjacent 
to the photoresist vias being removed by gas plasma etching so as to form at least 
one through via between the front side surface 110 and the backside surface 106 
of the semiconductor wafer 100, in accordance with one embodiment of the 
present invention. In this example, two through vias 1 16, 1 18 have been formed. 

[0044] The actual gas plasma etching Is preferably done with a 
conventional electron cyclotron resonance (ECR) plasma etching machine using 
hydrogen gas, argon gas, boron trichloride gas, and hydrogen bromide gas. The 
methodology for protecting the front side surface of the semiconductor wafer, as 
well as mounting and fixturing are well known in the art, and will not be discussed 
in detail. 
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[0045] The etch process is comprised of many process parameters that 
include microwave power, radio frequency (RF) power, temperature, gas flows, 
and overall system pressure. Each of these parameters control the through via 
hole shape, the etch rate, and photomask-semiconductor material etch rate 
selectivity. The present invention utilizes a unique parameter set for the ECR 
plasma etching process that provides a controllable, selective, and anisotropic etch 
process, especially for InP semiconductor materials. 

[0046] In accordance with a preferred embodiment of the present 
invention, the plasma etching is conducted at a microwave power level in the 
range of about 700 watts to about 900 watts. 

[0047] In accordance with a preferred embodiment of the present 
invention, the plasma etching is conducted at a radio frequency power level in the 
range of about 300 watts to about 500 watts. 

[0048] In accordance with a preferred embodiment of the present 
invention, the plasma etching is conducted at a temperature in the range of about 
130oC. to about 170oC. 

[0049] In accordance with a preferred embodiment of the present 
invention, the plasma gas is a mixture of hydrogen gas, argon gas, boron 
trichloride gas, and hydrogen bromide gas. 

[0050] In accordance with a preferred embodiment of the present 
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invention, tlie hydrogen gas flows at a rate in the range of about 6 standard cubic 
centimeters per minute to about 10 standard cubic centimeters per minute, the 
argon gas flows at a rate in the range of about 15 standard cubic centimeters per 
minute to about 20 standard cubic centimeters per minute, the boron trichloride 
gas flows at a rate in the range of about 1 standard cubic centimeter per minute to 
about 5 standard cubic ceritimeters per minute, and the hydrogen bromide gas 
flows at a rate in the range of about 50 standard cubic centimeters per minute to 
about 80 standard cubic centimeters per minute. 

[0051] in accordance with a preferred embodiment of the present 
invention, the plasma etching is conducted at a pressure in the range of about 2 
mTon' to about 8 mTorr. 

[0052] The etching process of the present invention can reproducibly 
etch through via holes as small as about 1 5x25 ;c/m to about 20x30 /jm. 

[0053] With reference to FIG. 6, there is shown a sectional view of a 
wafer 100 of semiconductor material 102 with the layer of hardened, remaining 
photoresist 104" having been stripped or removed to expose the backside surface 
106 of the semiconductor wafer 100, in accordance with one embodiment of the 
present invention. The reason the layer of hardened, remaining photoresist 104" 
is stripped is that it is no longer needed and must be removed in order to pemriit 
further processing steps to take place on the backside surface 106 of the 
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semiconductor wafer 1 GO. 

[0054] With reference to FIG. 7, tliere is shown a sectional view of a 
wafer ICQ of semiconductor material 102 with a layer of conductive material 120 
applied to the surface of the through vias 1 1 6, 1 1 8, as well as the backside surface 
106 of the semiconductor wafer 100, if desired, in accordance with one 
embodiment of the present invention. It should be noted that the layer of 
conductive material 120 does not have to extend across the entire backside 
surface 106 of the wafer 100. By placing the layer of conductive material 120 on 
the surfaces of the through vias 116, 118, electrical connectivity can be 
established between the front side surface 110 and the backside surface 106 of 
the semiconductor wafer 1 00. 

[0055] With reference to FIG. 8, there is shown a sectional 
photomicrograph of a through via 122 formed in a wafer 100 of semiconductor 
material 102 wherein the surface of the through via 122 and the backside surface 
106 of the semiconductor wafer 100 have had a conductive material 120 applied 
thereto, in accordance with one embodiment of the present invention. Therefore, 
the conductive material 120 in the through via 122 is in contact, both physically 
and electrically, with metallic layer 108 on the front side surface 110 of the wafer 
100, thus establishing electrical connectivity between the front side surface 110 
and the backside surface 106 of the semiconductor wafer 100. In this manner. 
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front side devices (e.g., small pads) can be electrically connected with backside 
devices (e.g., ground planes). 

[0056] The foregoing discussion discloses and describes merely 
exemplary embodiments of the present invention. One skilled in the art will readily 
recognize from such discussion, and from the accompanying drawings and claims, 
that various changes, modifications and variations can be made therein without 
departing from the spirit and scope of the invention as defined in the following 
claims. 
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